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Background: Soluble urokinase plasminogen activator receptor (suPAR) has emerged as a novel biomarker for various inflammatory
conditions and has been proposed to associate with the severity of asthma. However, the relationship between suPAR and clinical
asthma features is poorly understood.
Objective: To examine associations of serum suPAR levels with clinical characteristics of asthma and to define the phenotype with
high suPAR levels in patients with adult-onset asthma.
Methods: Serum suPAR levels were measured with ELISA from patients with adult-onset asthma participating in the 12-year follow-
up visit in the Seinäjoki Adult Asthma Study.
Results: In total, 201 patients were divided into quartiles according to suPAR values. High suPAR patients had more severe asthma
symptoms and poorer asthma control. They also had higher levels of interleukin 8 (IL-8), interleukin 6 (IL-6), matrix metalloprotei-
nase 9 (MMP-9), and blood neutrophil counts than those with low suPAR levels. The use of high-dose inhaled and oral corticosteroids
was more common in patients with elevated suPAR. Such patients also had visited healthcare more frequently during the follow-up
period, had more comorbidities, and were physically less active than those with low suPAR levels. The above-mentioned results
remained similar after excluding the patients with co-existing COPD; only association to hospitalizations was lost. In multivariable
binary regression analyses, the highest suPAR quartile was associated with higher cumulative dispensed oral corticosteroid use, more
severe symptoms, and uncontrolled asthma.
Conclusion: High suPAR levels occur in uncontrolled adult-onset asthma patients characterized by neutrophilic inflammation, high
corticosteroid use, frequent healthcare visits, and multimorbidity with unhealthy lifestyle. This biomarker could be useful in
determining asthma phenotypes and target new asthma treatments.
Keywords: asthma, adult-onset, neutrophil, phenotypes, suPAR, uncontrolled

Introduction
Asthma is a common obstructive pulmonary disease affecting all age groups.1 Recent studies on asthma phenotypes have
emphasized a clear distinction between childhood asthma and adult-onset disease.2–4 Patients with onset of asthma in
childhood are predominantly males, often with familial atopy, well responsive to glucocorticoids, and generally defined by
T-helper 2 (Th2) cell-predominant T2-inflammation.4,5 In contrast, adult-onset asthma patients are usually non-atopic
females with poor responsiveness to corticosteroids. While childhood-onset asthma constitutes a significant portion of
asthma patients, adult-onset asthma has been shown to be even the dominant form of asthma in many Western countries.6,7

Although many characteristics of adult-onset asthma have been under intensive research in recent years, the underlying
inflammatory mechanisms and characteristics of possible clinically significant disease biomarkers are still poorly understood.
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Urokinase plasminogen activator receptor (uPAR) is a glycosylphosphatidylinositol (GPI)-anchored membrane
protein8 and is found in various immunoactive cells such as macrophages and T-lymphocytes and endothelial cells,
smooth muscle cells, and tumor cells.9 While uPAR has physiological functions in the dissolution of fibrin clots, cell
migration, inflammatory response, and cell apoptosis, it has its pathological functions in extracellular matrix degradation
and tumor cell migration through urokinase plasminogen activator (uPA) binding.10

Soluble urokinase plasminogen activator receptor (suPAR), originates from cleavage of membrane-bound uPAR and
functions primarily as a scavenger for uPAR ligands such as uPA and vitronectin9 but is thought to have an ability to
interact with G-protein coupled receptors, indicating a role in cell signaling pathways.11 suPAR is found in urine, sputum,
blood, plasma, serum, and cerebrospinal fluid and is increased along with activation of the immune system functioning as
a chemotactic agent and thus reflecting the immunological activity.9 High suPAR levels are connected to various
pathological conditions, both acute and chronic, such as type 2 diabetes, cardiovascular diseases, pneumonia, cirrhosis,
and cancer predicting mortality and poor disease outcomes in such conditions.9,12–16

Both suPAR and uPAR have been previously suggested to be associated with asthma as uPAR is thought to play a role
in bronchial epithelial remodeling in asthmatic lungs.17,18 In asthma patients, suPAR levels have been found to be
elevated in sputum, serum, and lung biopsy specimens compared to healthy controls.17,19,20 Recently, there has been
a growing interest towards defining the clinical significance of elevated suPAR levels in asthma patients. A recent study
suggests that suPAR is a marker that also predicts mortality and readmissions in asthma.21 In a patient cohort recruited
from the hospital setting and with unknown age of asthma onset, high suPAR levels were suggested to be associated with
severe and non-atopic disease phenotype.18

However, more information on the characteristics of asthma patients with high suPAR levels and the possible clinical
value of suPAR as a biomarker in asthma is clearly needed. While recent data suggests that suPAR may be useful in the
assessment of asthmatic epithelium status,17 no previous studies have investigated the clinical significance of serum
suPAR in patients with adult-onset asthma. Therefore, we examined here the association of suPAR with clinical features
of asthma in a cohort of real-life unselected patients with adult-onset asthma to characterize a phenotype of asthma with
elevated serum suPAR levels.

Methods
Study Design and Patients
This study is part of the Seinäjoki Adult Asthma Study (SAAS), a prospective 12-year follow-up study with 257 patients
with new-onset asthma diagnosed at adult age (≥15 years). The patients gave written informed consent to the study
protocol, which was approved by the Ethics Committee of Tampere University Hospital, Tampere, Finland, and is in
accordance with the declaration of Helsinki.22 The details of the SAAS study protocol with specific inclusion and
exclusion criteria have been published elsewhere23 and are provided in the additional files (Supplementary Table 1). In
short, new-onset adult asthma was diagnosed by a respiratory physician during the period 1999–2002. The diagnosis was
based on typical asthma symptoms such as dyspnea on exertion and wheezing and was confirmed by objective lung
function measurements showing variable or reversible obstruction. Patients with comorbidities, smoking history, or other
lung diseases in addition to asthma were not excluded.23 After diagnosis, the patients were treated according to the
principles of the Finnish Asthma Programme.24 The total cohort consisted of 257 patients of which 203 patients returned
to the follow-up visit 12 years (mean 12.2 years, range 10.8–13.9) after diagnosis. Due to missing information on suPAR,
two patients were excluded from the study (Supplementary figure 1). Structured questionnaires were used to evaluate
asthma control and status, medication, comorbidities, and lifestyle.

Lung Function, Inflammatory Parameters, Comorbidities, Lifestyle Factors, and Other
Clinical Measurements
Information on determining lung function can be found in the supplementary materials “Lung function, inflammatory
parameters, lifestyle factors, and other clinical measurements” section. Asthma symptoms were measured with Airways
Questionnaire 20 (AQ20)25 and Asthma Control Test (ACT).26 Asthma control evaluation was completed in accordance
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with the Global Initiative for Asthma (GINA) 2010 report.27 The definition of comorbidities and their classification was
based on a previous study.28 Comorbidities were self-reported or estimated from self-reported medication and uncertain
cases were confirmed from patient records. The conditions included as comorbidities have been previously reported.29

Detailed information on the determination of lifestyle factors and other clinical measurements can be found in the
supplementary materials.

Use of Oral and Inhaled Corticosteroids, Adherence, and Hospitalizations
Prescribed inhaled corticosteroids (ICS) doses were attained from medical records and were converted to budesonide
equivalents and annual prescribed ICS medication for each patient was calculated as previously described.30 Data on all
dispensed oral corticosteroids (OCS) and ICS was obtained from the Finnish Social Insurance Institution. More detailed
information on the assessment of OCS and adherence to ICS are presented in the supplementary materials.
Hospitalizations were gathered from medical records during the 12-year follow-up.

Biomarker Analyses and Inflammatory Parameters
Plasma suPAR and MMP-9 levels were measured only during the 12-year follow-up visit with commercially available
enzyme-linked immunosorbent assay kits according to the manufacturers’ instructions (suPARnostic®, ViroGates,
Birkeroed, Denmark, and R&D Systems Europe Ltd, Abingdon, UK). The detection limits and inter-assay coefficient
of variations were 0.8 pg/mL and 2.2% (suPAR) and 7.8 pg/mL and 2.9% (MMP-9), respectively. Determination of other
inflammatory parameters is described in the supplementary materials.

Statistical Analysis
Continuous data are expressed as median (interquartile range) or mean ± standard deviation. Comparison between four
groups was carried out by using one-way ANOVA with Tukey’s post hoc test, Kruskal–Wallis test, or Chi-squared test.
Multivariable binary logistic regression was performed to determine the association between suPAR quartiles, and the
outcome variable purchased OCS>1200mg prednisolone adjusting for gender, age>50 years, BMI categories (<25, 25–29.99,
≥30), pack-years≥10 and comorbidity count (>1). Multinomial logistic regression was used to evaluate the association
between suPAR (1st to 3rd quartiles vs, 4th quartile) and asthma control, adjusting for gender, age>50 years, BMI≥30, pack-
years≥10, and comorbidity count (>1). A negative binomial regression analysis was performed to analyze factors associated
with higher AQ20 score. We calculated the incidence rate ratios (IRRs) with 95% CI for higher AQ20 scores. Owing to
overdispersion, we used negative binomial regression and adjusted it for age, sex, pack-years, suPAR, multimorbidity, and
BMI. The natural logarithm of the length of follow-up was set as an offset variable. In addition, sensitivity analysis was
performed by excluding patients fulfilling the criteria of co-existing COPD. Statistical analyses were performed using SPSS
software, version 26 (IBM SPSS Statistics, Armonk, NY). P-value <0.05 was regarded as statistically significant.

Results
Patient Characteristics
The main clinical characteristics of the patients at 12-year follow-up visit are presented in Table 1. Most patients were
overweight, female, and non-atopic. Approximately half of the patients were current or ex-smokers and 76% used inhaled
corticosteroids daily. The median age was 59 years and 39% of the patients had at least two comorbidities.

suPAR Quartiles
The patients were subsequently divided into quartiles according to the level of serum suPAR. The patients with high
suPAR values (3rd or 4th quartile) were older, had higher BMI, higher amount of smoked pack-years, and were less often
atopic compared to those with low suPAR values (1st or 2nd quartiles) (Figure 1A and B, Table 2). Patients in the 4th
suPAR quartile had higher doses of ICS during the 12-year follow-up period and were more likely to use daily add-on
medication at the 12-year follow-up visit compared to those in the 1st suPAR quartile (Figure 2A and B, Table 2).
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The 4th quartile had more asthma symptoms based on ACT and AQ20, poorer asthma control, and lower lung
function at the 12-year follow-up visit than the lower quartiles (Figure 2C–E, Table 3). Furthermore, patients in the 4th
suPAR quartile had used more oral corticosteroids (OCS), had more healthcare visits, and were more frequently
hospitalized for respiratory-related reasons during the 12-year follow-up period compared to the lower suPAR quartiles
(Figure 2F and G, Table 4).

Higher suPAR levels were associated with higher blood neutrophil count and higher serum levels of IL-6, IL-8,
hsCRP, and MMP-9 (Figure 3A and B, Table 3, Supplementary Table 5). suPAR showed no association with blood
eosinophil count, FeNO, or IgE levels (Figure 3C, Table 3, Supplementary Table 5).

The 4th quartile had also more comorbidities; they were more likely to have COPD, diabetes mellitus, coronary artery
disease, hypertension, hypercholesterolemia, metabolic syndrome, and depression or psychiatric disease at 12-year
follow-up visit than patients in the lowest quartile (Table 4). The higher number of comorbidities in the 4th suPAR
quartile led us to examine the association between suPAR levels and various lifestyle factors. We found that patients in
the 4th quartile consumed more alcohol, had a higher GT-CDT index (a biomarker of alcohol consumption), had higher
screen time outside of work, and were less physically active (Figures 1C and D, Table 4).

As patients in the 4th suPAR quartile had more often co-existing COPD, we considered it as a possible confounding
factor and excluded patients with co-existing COPD from the analysis. After the exclusion, the main results remained
otherwise similar: High-suPAR-patients had significantly lower ACT-score, higher amount of purchased ICS and OCS,

Table 1 Main Characteristics of the Patients at 12-Year Follow-Up

Characteristics

Number of patients 201
Age (y) 58 (49–67)

Females n (%) 116 (57.7)

BMI (kg/m2) 28.1 (24.4–31.3)
Patients with smoking history (incl. cur.) n (%) 106 (52.7)

Current smokers n (%) 30 (14.9)

Smoking history, pack-ya 15 (6–30)
Atopy n (%)b 67 (33.3)

Rhinitis n (%) 140 (69.7)
Daily ICS n (%) 155 (77.1)

Daily LABA n (%) 96 (47.8)

Self-reported ICS dose of daily users (µg budesonide equivalents)c 800 (400–1000)
Pre-BD FVC% 97 (15)

Pre-BD FEV1% 85 (18)

Pre-BD FEV1/FVC ratio 0.71 (0.10)
Asthma control n (%)

Controlled 68 (33.8)

Partially controlled 74 (36.8)
Uncontrolled 59 (29.4)

FeNO (ppb) 11 (5–19)

Blood eosinophils (×109·L−1) 0.17 (0.10–0.28)
Blood neutrophils (×109·L−1) 3.7 (3.0–4.8)

Number of comorbidities 1 (0–2)

suPAR (ng·mL−1) 2.8 (2.4–3.4)

Notes: Data are presented as n (%), mean (SD) or median (interquartile range), ainformation missing from 4
patients. bAtopy is determined by skin-prick test, information missing from 20 patients. cInformation missing from 26
patients.
Abbreviations: BMI, body-mass index; Smoking history pack-y, pack years of smokers; ICS, inhaled corticosteroid;
Daily LABA, self-reported daily use of long-acting β2-agonist; BD, bronchodilator; FVC, forced vital capacity; FEV1,
forced expiratory volume in 1 second; FeNO, fraction of NO in exhaled air; suPAR, soluble urokinase plasminogen
activator receptor.
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and more comorbidities. Additionally, high suPAR levels were associated with higher blood neutrophil count and higher
serum levels of IL-6, IL-8, and hsCRP despite the exclusion of patients with coexisting COPD. However, differences
regarding lung function between suPAR quartiles were lost. Further, the trends between higher suPAR and uncontrolled
asthma, atopy, daily add-on medication use, hospitalizations, and lower physical activity remained, even though the
statistically significant associations were lost (Table 5, Supplementary Tables 2–4).

It is possible that mild asthma not requiring ICS or OCS therapy might contribute to the results. We, therefore,
examined patients’ true dispensed medication during the last two years of the 12-year follow-up and excluded those who
had no dispensed ICS from the analysis. There was a total of 37 (18.2%) with no dispensed ICS in the last two years of
follow-up suggesting they have mild asthma. After excluding these patients, the main results remained similar; high
suPAR levels were associated with all examined non-T2-markers, ACT score, LABA-use, smoking history, hospitaliza-
tions, and comorbidities (Supplementary Table 6). Further, the trends between higher suPAR and BMI, Uncontrolled
asthma (GINA), average dispensed ICS daily dose during 12 years, purchased OCS during the 12-years remained
(Supplementary Table 6).

Regression Analysis
Next, we examined the association between the suPAR quartiles and several asthma outcomes (dispensed oral pre-
dnisolone >1200mg during the follow-up period and level of asthma control at follow-up visit) after adjusting for
possible confounding factors by using multivariable logistic regression analysis. The association between the 4th suPAR
quartile and >1200mg dispensed prednisolone remained when adjusted for BMI, age, sex, pack-years, and

Figure 1 BMI (A), pack years of smokers (B), GT-CDT-index (C), and duration of daily physical activity (D) in patients belonging to different suPAR quartiles. Shown are
medians, 25 and 75 percentiles (box) and 10 and 90 percentiles (whiskers).
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multimorbidity (OR 2.76, CI 1.06–7.16; p=0.037) (Supplementary Table 7). Likewise, using negative logistic regression
analysis, when adjusted for BMI, age, sex, pack-years, and multimorbidity, the association between the 4th suPAR
quartile and higher AQ20 score remained (IRR 1.15, CI 1.02–1.31; p=0.025) (Supplementary Table 8).

When analyzing the association between suPAR and asthma control, we divided suPAR quartiles into two groups (1st-
3rd quartiles vs 4th quartile) to increase statistical power. The association between the 4th suPAR quartile and
uncontrolled asthma remained when adjusted for BMI, age, sex, pack-years, and multimorbidity (OR 2.67 CI 1.02–
6.96; p=0.045) but the association between the 4th suPAR quartile and partially controlled asthma showed no significance
after the same adjustments (Supplementary Table 9).

The results remained unaffected in all three models after adjustment for single comorbidities (type 2 diabetes,
coronary artery disease, hypertension, hypercholesterolemia, and metabolic syndrome) (data not shown).

Discussion
In this study, we showed that adult-onset asthma patients with high suPAR levels have more often uncontrolled asthma,
elevated levels of neutrophilic count, more severe asthma symptoms, more frequent hospitalizations, and higher usage of

Table 2 Background and Medication of the Patients at the 12-Year Follow-Up Visit, as Classified into Quartiles According to Serum
suPAR Levels

Quartiles

1st Quartile 2nd Quartile 3rd Quartile 4th Quartile p value

Number of subjects n 52 51 49 49
suPAR (ng·mL−1) median (min-max) 1.97 (1.19–2.30) 2.60 (2.32–2.80) 3.06 (2.82–3.42) 4.05 (3.46–184.90)

Background
Age (y) 52 (41–59) 58* (48–67) 64* (56–70) 65*, ** (56–72) <0.001a

Females n (%) 32 (61.5) 28 (54.1) 31 (63.3) 25 (51.0) 0.573b

BMI (kg/m2) 25.5 (23.3–29.1) 28.4* (24.4–30.9) 29.1* (26.9–32.7) 28.4* (24.3–32.4) 0.007a

Patients with smoking history (incl. cur.) n (%) 24 (46.2) 30 (58.8) 22 (44.9) 30 (61.2) 0.232b

Current smokers n (%) 5 (9.6) 9 (17.6) 7 (14.3) 9 (18.4) 0.534b

Smoking history, pack-yc 4 (1–16) 10 (4–20) 18* (9–30) 26*, ** (16–37) <0.001a

Atopy n (%)d 26 (53.1) 16 (34.8) 12 (26.7) 13 (31.7) 0.045b

Rhinitis n (%) 38 (73.1) 37 (72.5) 32 (65.3) 33 (67.3) 0.789b

Medication
Daily ICS n (%) 38 (73.1) 37 (72.5) 41 (83.7) 39 (79.6) 0.485b

Daily LABA n (%) 17 (32.7) 22 (43.1) 28 (57.1) 29* (59.2) 0.024b

Daily add-on drug n (%) 19 (36.5) 23 (45.1) 29 (59.2) 32* (65.3) 0.016b

Self-reported ICS dose of daily users (µg

budesonide equivalents)e
400 (400–1000) 700 (220–1000) 800 (400–1000) 800* (400–1275) 0.028a

Average prescribed ICS daily dose during 12
years (µg budesonide equivalents)f

796 (571–943) 795 (542–1024) 882 (623–1000) 889*, **
(742–1128)

0.046a

Average dispensed ICS daily dose during 12

years (µg budesonide equivalents)f
443 (212–776) 420 (304–788) 530 (323–894) 706*, ** (441–924) 0.027a

12-year adherence to ICSf 64.2 (28.3–94.0) 62.5 (39.0–92.7) 74.7 (43.8–100.1) 83.3 (55.0–100.6) 0.199a

Dispensed ICS dose for the last year of follow-

up (µg budesonide equivalents)

85,000

(0–212,000)

120,000

(40,000–240,000)

160,000

(0–288,000)

264,000*

(108,000–360,000)

0.011a

Number of other than asthma/allergy-related

medications

0 (0–2) 2* (0–3) 2* (0–6) 3*, ** (1–6) <0.001a

Notes: Data are presented as n (%), mean (SD), or median (interquartile range). Variables were from 12-year follow-up visit if not otherwise mentioned. cInformation
missing from 4 patients. dAtopy is determined by skin-prick test, information missing from 20 patients. eInformation missing from 26 patients. fInformation missing from 22
patients, who were not prescribed regular ICS medication for the whole follow-up period. Statistical significances were evaluated by independent samples Kruskal–Wallis
test (a) or by Pearson Chi-Square test (b). Statistical significance between quartiles: *= p<0.05 versus 1st quartile, **= p<0.05 versus 2nd quartile.
Abbreviations: suPAR, soluble urokinase plasminogen activator receptor; pack-y, pack years of smokers; ICS, inhaled corticosteroid; Daily LABA, self-reported daily use of
long-acting β2-agonist; BMI, body-mass index.
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inhaled and oral corticosteroids than those with lower suPAR levels. Patients with high suPAR are also characterized by
unhealthy lifestyles and associated morbidity. Results remained similar after excluding patients with co-existing COPD
and patients with no dispensed ICS during the last two years of the follow-up period. Our results suggest the existence of
a high suPAR phenotype of asthma characterized by poor asthma control, neutrophilic inflammation, and unhealthy
lifestyle.

In the present series of patients with adult-onset asthma, high suPAR levels were associated with uncontrolled asthma,
which was defined according to GINA,27 and more severe asthma symptoms, defined by lower ACT score and higher
AQ20 score. To our knowledge, our study is the first to show an association between GINA-defined uncontrolled asthma
and elevated suPAR. We also found impaired lung function in patients with high suPAR levels. Our results are supported
by findings of a previous study, where high suPAR values were associated with poor lung function and severe asthma in
two cohorts with limited generalizability.18 In our study of consecutive patients representing well the general population
of adult-onset asthma patients, we consistently found higher numbers of patients with severe asthma in those with high
serum suPAR levels. In a previous cross-sectional study on asthmatic pregnancy, increased suPAR values were also
found to be connected to the impaired asthma control status of non-pregnant patients. Although generalization of the
results to a larger population is limited, the study importantly did not show a significant difference in suPAR levels
between healthy pregnant patients and pregnant well-controlled asthma patients,32 even though difference has been found
between healthy controls and asthma patients in general.17,19,20 The results above combined with ours imply that mainly
uncontrolled, but not well controlled, asthma may be related to elevated suPAR. Even after the exclusion of patients with
co-existing COPD, the trends remained and high suPAR was associated with uncontrolled asthma in regression analyses
adjusted for BMI, age, sex, pack-years, and multimorbidity, endorsing the association between asthma control and
suPAR.

Adult-onset asthma may be primarily characterized by non-T2 inflammation. One non-T2 endotype of asthma is
neutrophilic and may be mediated by Th1, Th17, and ILC1 cells through toll-like receptor (TLR) activation. While
neutrophils and non-T2 cell counts are thought to increase naturally with age, they likely play a pivotal role in adult-onset
asthma pathogenesis.33 In non-T2-asthma, activation of TLR is thought to increase Th1 and Th17 cell responses leading
to an increase in the production of cytokines such as IL-8, TNF-α, and various MMPs such as MMP-9 and consequently
activating neutrophilic inflammation and further release of cytokines.34 MMP-9 and IL-8 are neutrophil-related mediators
produced by eg, bronchial epithelial cells and macrophages and are related to increased asthma severity35 and
uncontrolled asthma, respectively.36 Stimulation of TLRs or cytokine receptors on immunologically active cells also

Figure 2 Daily dispensed ICS dose (A), daily add-on drug use (B), asthma control (GINA) (C), ACT score (D), AQ20 score (E), hospitalizations (F), and purchased OCS
(G) in patients belonging to different suPAR quartiles. A, D, E and G show medians, 25 and 75 percentiles (box) and 10 and 90 percentiles (whiskers).
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induces uPAR gene expression which leads to suPAR released into blood circulation. As suPAR plays a role in
inflammation by impairing neutrophil efferocytosis and chemotaxis and might sustain the inflammatory response and
maintain chronic inflammation in patients, suPAR may play a role in the chronic neutrophilic inflammation typical to
non-T2 asthma through TLR activation.34 In our study, we found an association between high suPAR levels and elevated
blood neutrophils, IL-8, and MMP-9, further solidifying the connection between suPAR and non-T2 mediators.
Supporting our findings, neutrophils have been observed to be the main source of suPAR in critically ill patients37 and
elevated uPAR has been suggested to induce MMP-9-mediated wound repair in asthmatic patients.17 IL-8 has been
shown to stimulate human peripheral blood mononuclear cells and neutrophils to rapidly increase surface expression of
uPAR and induce the release of suPAR.34 It could be speculated that stimulation of TLRs and cytokine receptors induce
Th1-cells and Th17-cells and neutrophils to release various non-T2-mediators including suPAR, IL-8, and MMP-9 that
sustain neutrophilic inflammation by various interactions. Our results link IL-8 to high suPAR in asthmatic patients,
a result not previously reported. Easily available markers for non-T2 asthma are not yet available and currently, non-T2
asthma is defined by low blood eosinophil level or non-T2 neutrophilic asthma by measuring lung neutrophil infiltration
with lung biopsies or sputum samples.34 Although suPAR is not in routine clinical use yet, it could be a possible

Table 3 Lung Function, Asthma Symptoms, and Inflammation Markers of the Patients at the 12-Year Follow-Up Visit, as Classified into
Quartiles According to Serum suPAR Levels

Quartiles

1st Quartile 2nd Quartile 3rd Quartile 4th Quartile p value

Number of subjects n 52 51 49 49
suPAR (ng·mL−1) median (min-max) 1.97 (1.19–2.30) 2.60 (2.32–2.80) 3.06 (2.82–3.42) 4.05 (3.46–184.90)

Lung function and asthma symptoms
Pre-BD FVC% 99 (13) 98 (13) 98 (17) 93 (17) 0.121c

Post-BD FVC% 98 (13) 100 (13) 100 (16) 95 (17) 0.363c

Pre-BD FEV1% 91 (11) 86 (15) 85 (20) 78* (21) 0.002c

Post-BD FEV1% 93 (11) 91 (14) 89 (20) 81*, ** (21) 0.002c

Pre-BD FEV1/FVC ratio 0.76 (0.70–0.80) 0.73* (0.65–0.78) 0.72* (0.64–0.77) 0.72* (0.61–0.78) 0.019a

Post-BD FEV1/FVC ratio 0.79 (0.73–0.83) 0.75* (0.70–0.79) 0.73* (0.66–0.80) 0.72* (0.61–0.79) <0.001a

AQ20 score 3 (1–5) 3 (1–6) 4 (2–7) 7*, **, + (3–9) 0.003a

ACT score 23 (21–25) 23 (19–25) 21* (19–24) 20*, **, + (16–22) <0.001a

Uncontrolled asthma (GINA test) n (%) 9 (17.3) 13 (25.5) 13 (26.5) 24* (49.0) 0.021b

Asthma severitye n (%) 0.002b

Mild intermittent/persistent 21 (41.2) 15 (30.0) 10 (20.4) 5* (10.2)

Moderate persistent 29 (56.9) 28 (56.0) 27 (55.1) 35 (71.4)
Severe persistent 1 (2.0) 7 (14.0) 12* (24.5) 9* (18.4)

Markers of inflammation
Blood eosinophils (×109·L−1) 0.20 (0.09–0.29) 0.15 (0.10–0.23) 0.14 (0.09–0.28) 0.19 (0.12–0.29) 0.344a

Blood neutrophils (×109·L−1) 3.6 (2.5–4.2) 3.6 (2.8–4.9) 3.9* (3.3–5.2) 4.2* (3.2–5.0) 0.010a

Total IgE (kU·L−1) 68 (29–175) 48 (24–134) 45 (22–132) 81 (21–295) 0.477a

FeNOf (ppb) 12 (5–19) 11 (6–24) 11 (5–22) 8 (5–15) 0.356a

IL-6 (pg·mL−1) 1.2 (0.7–1.9) 1.6* (1.1–2.4) 2.3*, ** (1.4–4.4) 2.6*, ** (1.8–5.2) <0.001a

IL-8 (pg·mL−1) 5.2 (4.1–6.4) 5.4 (4.6–6.5) 7.3*, ** (5.2–9.4) 7.8*, ** (6.3–12.0) <0.001a

hsCRP (mg·L−1) 0.7 (0.3–1.6) 1.0 (0.6–2.5) 1.3* (0.7–1.8) 1.8*, ** (0.8–5.7) 0.001a

MMP-9 (ng·mL−1) 43 (34–72) 53 (40–69) 48 (39–86) 71*, **, + (43–108) 0.013a

Notes: Data are presented as n (%), mean (SD) or median (interquartile range), easthma severity is based on GINA 2002 guidelines,31 information missing from 4 patients.
fInformation missing from 10 patients. Statistical significances were evaluated by independent samples Kruskal–Wallis test (a), by Pearson Chi-Square test (b), or by one-way
ANOVA (analysis of variance) (c). Tukey’s post hoc test was used in the post hoc analysis of one-way ANOVA. Statistical significance between quartiles: *= p<0.05 versus 1st
quartile, **= p<0.05 versus 2nd quartile, += p<0.05 versus 3rd quartile.
Abbreviations: suPAR, soluble urokinase plasminogen activator receptor; BD, bronchodilator; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity;
AQ20, Airways Questionnaire 20; ACT, Asthma Control Test; GINA, Global Initiative for Asthma; IgE, immunoglobulin E; FeNO, fraction of NO in exhaled air; IL-6,
interleukin 6; IL-8, interleukin 8; hsCRP, high-sensitivity C-reactive protein; MMP-9, matrix metallopeptidase 9.
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surrogate for currently available methods as it can be easily measured from blood serum and urine,9 though the possible
practical clinical use of suPAR measured from urine has not yet been studied.

Also, higher IL-6 and hsCRP levels were associated with suPAR quartiles. While both IL-6 and hsCRP are
biomarkers for systemic inflammation, they have been previously associated with neutrophilic inflammation and
impaired asthma control.38–40 Of particular interest is IL-6 as it has been linked to worse asthma outcomes in adult
asthma patients29 and may stimulate Th17-mediated neutrophil-predominant severe asthma,41 which supports our
findings regarding the connection between suPAR and non-T2 asthma. IgE and blood eosinophils were not associated
with suPAR, further emphasizing a role for suPAR in non-T2 inflammation. In accordance with this view, a previous
study found an association of suPAR with non-atopic asthma, but not with atopic asthma.18 Results were similar even
after the exclusion of COPD and statistically significant association with high suPAR and IL-6, IL-8, MMP-9, hsCRP,
and high blood neutrophil count remained.

We found that both elevated OCS and ICS use are associated with high suPAR levels. One previous study has
explored the connection between suPAR and steroid use in asthmatic patients and found conflicting results.18 In that

Table 4 Disease Burden, Comorbidities, and Lifestyle Factors of the Patients at the 12-Year Follow-Up Visit, as Classified into
Quartiles According to Serum suPAR Levels

Quartiles

1st Quartile 2nd Quartile 3rd Quartile 4th Quartile p value

Number of subjects n 52 51 49 49
suPAR (ng·mL−1) median (min-max) 1.97 (1.19–2.30) 2.60 (2.32–2.80) 3.06 (2.82–3.42) 4.05 (3.46–184.90)

Disease burden
Purchased oral corticosteroids during the 12-year

follow-up period (mg)

55 (0–1650) 600 (0–1800) 600 (0–2455) 1500*, ** (150–3910) 0.010a

All visits to healthcare 14 (7–21) 13 (9–19) 14 (9–23) 20*, **, + (13–33) 0.016a

Hospitalizations, all respiratory-related (at least 1

hospitalization) n (%)

10 (19.2) 12 (23.5) 9 (18.4) 23*, + (46.9) 0.003b

Comorbidities
Number of comorbidities (COPD included) 0 (0–1) 1* (0–2) 1*, ** (0–3) 2*, ** (1–4) <0.001a

Co-existing COPD n (%) 2 (3.9) 7 (13.7) 11* (22.4) 14* (29.2) 0.006b

Type 2 diabetes mellitus n (%) 0 (0.0) 5 (9.8) 8* (16.3) 15* (30.6) <0.001b

Coronary artery disease n (%) 0 (0.0) 4 (7.8) 6 (12.2) 10* (20.4) 0.007b

Hypertension n (%) 5 (9.6) 16* (31.4) 20* (40.8) 27* (55.1) <0.001b

Hypercholesterolemia n (%) 3 (5.8) 7 (13.7) 14* (28.6) 15* (30.6) 0.003b

Rheumatoid arthritis n (%) 1 (1.9) 0 (0.0) 4 (8.2) 1 (2.0) 0.091b

Treated dyspepsia (reflux medication in use) n (%) 1 (1.9) 2 (3.9) 6 (12.2) 7 (14.3) 0.054b

Depression n (%) 1 (1.9) 8 (15.7) 1 (2.0) 7 (14.3) 0.011b

Any psychiatric disease n (%) 2 (3.8) 9 (17.6) 5 (10.2) 11* (22.4) 0.033b

Metabolic syndrome n (%) 0 (0.0) 4 (7.8) 7* (14.6) 12* (24.5) 0.001b

Lifestyle factors
Heavy alcohol consumption (evaluated by

anamnesis, GT-CDT index, or by both) n (%)

5 (9.6) 11 (21.6) 8 (16.3) 15* (31.3) 0.048b

GT-CDT index 3.1 (2.9–3.6) 3.3* (3.1–3.8) 3.4* (3.1–3.8) 3.5* (3.2–3.8) 0.005a

Waist circumference F>80cm and M>94cm n (%) 35 (67.3) 43 (86.0) 45* (91.8) 41 (85.4) 0.008b

Screen time outside of work (min) 120 (90–180) 120 (60–180) 120* (120–195) 180*, ** (120–240) 0.013a

Duration of daily physical activity (min) 480 (240–540) 360 (180–540) 360 (195–480) 240*, ** (98–480) 0.020a

Subjects exercising at least 3 times per week n (%) 37 (71.2) 27 (52.9) 26 (53.1) 22* (44.9) 0.080b

Notes: Data are presented as n (%), mean (SD), or median (interquartile range). Variables were from 12-year follow-up visit if not otherwise mentioned. Statistical
significances were evaluated by independent samples Kruskal–Wallis test (a) or by Pearson Chi-Square test (b). Statistical significance between quartiles: *= p<0.05 versus 1st
quartile, **= p<0.05 versus 2nd quartile, += p<0.05 versus 3rd quartile.
Abbreviations: suPAR, soluble urokinase plasminogen activator receptor; COPD, chronic obstructive pulmonary disease; GT, gamma-glutamyl transferase; CDT,
carbohydrate-deficient transferrin; F, female; M, male.
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previous study, where no distinction was, however, made between oral and inhaled corticosteroids. Neutrophilic non-T2
asthma is often less sensitive to corticosteroids and may therefore be represented by high ICS or OCS usage.33

Furthermore, greater use of corticosteroids is a characteristic defining uncontrolled asthma.42 However, it could be
speculated that high use of corticosteroids elevates suPAR levels, as it has been proposed to increase neutrophilia.43

Nevertheless, since our data show a clear association between suPAR and other elements of uncontrolled asthma such as
more frequent hospital visits, hospitalizations, severe asthma symptoms, and add-on medication use, we presume that
uncontrolled asthma associated with high suPAR is the factor accounting for higher corticosteroid use. As our data
suggest, both neutrophilia and uncontrolled asthma were related to high serum suPAR and therefore we believe these two
characteristics to be behind the association between corticosteroid use and suPAR. However, we cannot completely
exclude the possibility that high use of corticosteroids affects suPAR levels. Altogether, we were the first to show the
positive association between oral and inhaled corticosteroid use and suPAR levels and envision that high corticosteroid
use is a clinical characteristic of the high suPAR phenotype of asthma.

Apart from elevated corticosteroid use, a greater burden of asthma in high suPAR patients is represented by more
frequent healthcare visits and hospitalizations as well as longer hospitalization periods than in those with low levels of
serum suPAR. Our findings are supported by a recent retrospective cohort study focusing on readmission and mortality in
a population consisting of acutely admitted asthma patients.21 Håkansson et al found that high serum suPAR levels were
associated with 365-day readmission and mortality rates.21 Furthermore, it was speculated that systemic inflammation in
uncontrolled asthma might be responsible for high suPAR in hospitalized patients.21 We endorse this hypothesis since
uncontrolled asthma and inflammation markers are both elevated in high suPAR patients in our study and add the missing
link that the asthmatic inflammation related to high suPAR is presumably neutrophilic. The exclusion of patients with co-
existing COPD reduced the association between suPAR and hospitalizations. This could be due to a low number of
hospitalized patients in our general population with adult-onset asthma since the trends remained after the exclusion.
Previous studies along with findings in our study indicate that high suPAR asthma patients are more frequently admitted
to hospitals due to neutrophilic inflammation and uncontrolled asthma.

Multimorbid patients are often excluded from asthma studies, but we also included those patients with detailed
information on comorbidities. In our study, several comorbidities and several other than asthma-related medications
in use correlated positively with suPAR levels. Previous studies have found similar results when comparing suPAR
levels to comorbidities using the Charlson score.13,44 Particularly cancer, liver disease, diabetes, and cardiovascular
diseases were related to increased suPAR levels,14,15,45 and suPAR has even been proposed as a biomarker for
cardiovascular diseases.45 Our study showed similarly the association between high suPAR and cardiovascular
diseases (coronary artery disease, hypertension, and hypercholesterolemia) and type 2 diabetes mellitus.45 While
patients with liver diseases or cancer were rare in our cohort, we observed associations between high suPAR levels
and metabolic syndrome, depression, and psychiatric diseases as suggested also by previous studies.46,47 When

Figure 3 Blood neutrophil count (A) serum IL-8 concentration (B) and blood eosinophil count (C) in asthma patients belonging to different suPAR quartiles. Shown are
medians, 25 and 75 percentiles (box) and 10 and 90 percentiles (whiskers).
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multimorbidity or single comorbidities were included in our regression models, the associations between increased
suPAR and all three asthma outcome variables were retained. Thus, our study suggests that high suPAR patients with
adult-onset asthma are generally multimorbid, a possible new characteristic of the high suPAR phenotype of asthma.

Since comorbidities, such as liver problems, associated with high suPAR are often lifestyle-driven,13 we also examined the
association between lifestyle factors and serum suPAR. Alcohol marker GT-CDT index showed a weak positive correlation
(ρ=0.256) to suPAR and the 4th suPAR quartile had the highest percentage of heavy alcohol consumption (31% vs 10% in the
1st quartile) and the highest pack-years of smoking (median of 26 vs 4 in the 1st quartile). Furthermore, high suPAR patients
were physically less active and generally had waist circumference higher than the low-risk limits. The trend between physical
activity and suPAR remained even after excluding patients with co-existing COPD. Our findings are supported by data from
a population-based follow-up study focusing solely on lifestyle factors and suPAR.12 Similar trends regarding alcohol
consumption, smoking status, and physical activity were found suggesting suPAR as a biomarker for lifestyle changes.
Interestingly, they also associated unhealthy diet (defined by dietary quality score) with increased suPAR levels, a factor we
were not able to study. Thus, it is likely that unfavorable lifestyle factors with lifestyle-driven comorbidities are a typical
characteristic of the high suPAR phenotype.

Table 5 Results After Excluding Patients with Co-Existing COPD at 12-Year Follow-Up Visit, as Classified into Quartiles According to
Serum suPAR Levels

Quartiles

1st Quartile 2nd Quartile 3rd Quartile 4th Quartile p value

Number of subjects n 42 41 41 41
suPAR (ng·mL−1) median (min-max) 1.92 (1.19–2.20) 2.51 (2.22–2.66) 2.97 (2.68–3.27) 3.71 (3.30–184.90)

Age (y) 50 (40–58) 58* (50–68) 58* (41–67) 64*, + (55–70) <0.001a

Females n (%) 24 (57.1) 27 (65.9) 28 (68.3) 27 (65.9) 0.727b

BMI (kg/m2) 25.0 (23.3–28.0) 28.6* (24.2–31.4) 28.4* (26.2–32.3) 30.9* (26.8–33.2) <0.001a

Patients with smoking history (incl. cur.)
n (%)

19 (45.2) 17 (41.5) 14 (34.1) 20 (48.8) 0.577b

Current smokers n (%) 3 (7.1) 2 (4.9) 8 (19.5) 8 (19.5) 0.071b

Smoking history, pack-yd 3 (0–14) 7 (3–16) 10* (4–29) 20*− ** (7–26) 0.005a

Daily ICS n (%) 31 (73.8) 31 (75.6) 33 (80.5) 33 (80.5) 0.841b

Daily LABA n (%) 13 (31.0) 18 (43.9) 20 (48.8) 24 (58.5) 0.085b

Average dispensed ICS daily dose during 12
years (µg budesonide equivalents)e

418 (222–683) 453 (317–800) 466 (302–810) 736*, **, + (451–1090) 0.008a

Pre-BD FEV1% 91 (11) 90 (13) 89 (20) 85 (19) 0.367c

ACT score 23 (21–25) 24 (21–25) 22 (19–24) 21*, **, + (18–22) 0.001a

Uncontrolled asthma (GINA test) n (%) 8 (19.0) 7 (17.1) 9 (22.0) 15 (36.6) 0.193b

Blood eosinophils (×109·L−1) 0.15 (0.09–0.27) 0.16 (0.12–0.28) 0.14 (0.09–0.23) 0.19 (0.12–0.29) 0.219a

Blood neutrophils (×109·L−1) 3.4 (2.4–4.1) 3.6 (2.7–4.8) 3.8* (3.3–4.7) 4.2* (3.1–5.4) 0.036a

IL-6 (pg·mL−1) 1.2 (0.7–1.6) 1.5 (1.1–2.4) 1.9* (1.2–3.5) 2.4*, ** (1.7–5.4) <0.001a

IL-8 (pg·mL−1) 4.9 (4.1–6.3) 5.4 (4.4–6.7) 6.8*, ** (5.4–9.0) 7.1*, ** (5.9–9.4) <0.001a

hsCRP (mg·L−1) 0.6 (0.3–1.6) 1.2* (0.6–2.7) 1.3* (0.8–2.4) 1.7* (0.8–5.0) <0.001a

Purchased oral corticosteroids during the

12-year follow-up period (mg)

0 (0–998) 820 (0–2210) 150 (0–1650) 1500*, **, + (75–3485) 0.004a

Hospitalizations, all respiratory-related (at

least 1 hospitalization) n (%)

6 (14.3) 8 (19.5) 14 (34.1) 14 (34.1) 0.079b

Number of comorbidities (COPD excluded) 0 (0–1) 1* (0–1) 1* (0–2) 2*, ** (1–3) <0.001a

Notes: Data are presented as n (%), mean (SD), or median (interquartile range). Variables were from 12-year follow-up visit if not otherwise mentioned. dInformation
missing from 4 patients. eInformation missing from 22 patients, who were not prescribed regular ICS medication for the whole follow-up period. Statistical significances were
evaluated by independent samples Kruskal–Wallis test (a), by Pearson Chi-Square test (b), or by one-way ANOVA (analysis of variance) (c). Statistical significance between
quartiles: *= p<0.05 versus 1st quartile, **= p<0.05 versus 2nd quartile, += p<0.05 versus 3rd quartile.
Abbreviations: suPAR, soluble urokinase plasminogen activator receptor; pack-y, pack years of smokers; ICS, inhaled corticosteroid; Daily LABA, self-reported daily use of
long-acting β2-agonist; BMI, body-mass index; BD, bronchodilator; FEV1, forced expiratory volume in 1 second; ACT, asthma control test; GINA, Global Initiative for
Asthma; IL-6, interleukin 6; IL-8, interleukin 8; hsCRP, high-sensitivity C-reactive protein; COPD, chronic obstructive pulmonary disease.
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Our study has several important strengths. Firstly, the most prominent difference compared to previous studies concern-
ing asthma and suPAR is that we have follow-up information from a long period of time. Secondly, although the number of
participants in our study could have been higher, our study provides a wide set of real-life detailed data on participant clinical
characteristics, various comorbidities, lifestyle factors, medication and hospitalizations, and different inflammatory markers.
Thirdly, patients in our study are well representative of the general population of adult-onset asthma.48 In addition, asthma
was objectively diagnosed by lung function measurements and asthma symptoms. There are however few limitations to our
study. Notably, we did not have lung biopsy or sputum samples taken from the patients. Further, at this time we cannot
conclude whether suPAR measured in serum represents uPA bound, free, or both. Lastly, while we had comprehensive data
on comorbidities, we cannot exclude that unnoticed comorbidities influenced serum suPAR levels.

Conclusions
In conclusion, we show that serum suPAR is a promising asthma phenotype-related biomarker in adult-onset asthma patients.
High suPAR levels characterize patients with uncontrolled asthma, high respiratory symptoms, high use of medication, non-
T2 inflammation, frequent healthcare visits and hospitalizations, multimorbidity, and unhealthy lifestyle. Though further
research is needed regarding the cellular mechanisms underlying these observations, suPAR measurements could be used as
a biomarker to help distinct phenotypes of asthma and open new insights into the treatment of asthma.

Trial Registration
Clinical Trials.gov identifier NCT02733016 (April 11, 2016).
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